Abstract: Although some techniques for the measurement of tympanic membrane (TW vibration already exist, their sensitivity is poor, and they need high SPL for measurement. In this study, using the time-averaged electric speckle pattern interferometry, the sinusoidal phase modulation technique by a direct modulation of laser injection current and digital image processing technique, an attempt is made to develop a system for measuring small vibration in nanometer order. Then, by this system, the vibratory responses of a guinea pig's TM are measured.
EXPERIMENTAL SETT
he experimental setup is shown in~G~E 1. A beam emitted from the semiconductor laser (15 mW, A = 635 nm) is divided by the polarizing beam splitter (PBS) into the object and reference beams. The reference beam is combined in line with the object beam which is diffusely reflected by the object, and an interference speckle pattern is generated at the wedged beam splitter (WBS). This image is accumulated by using a CCD camera.
h the signal processing part, the video signal is stored in the frame memory after the signal is high-pass filtered and rectified. Then, the data are processed by the computer. The function generator provides excitation signals for both the laser driver and the speaker which vibrates the object, i.e. the TM.
P~NCIPLE
When the semiconductor laser is supplied with the modulated injection current, a laser beam injected into the object is given by the following form
where k, is the wavelength of the beam, k is its central wavelength, AA is the amplitude of the modulated wavelength, @is the frequency of the modulated injection current and 91is the initial phase of the beam. If the object vibrates sinusoidally with the amplitude a(x,y), the phase 60(x,y) and the frequency which is synchronized with that of the modulated injection current, and the exposure time is long compared with the period of vibration frequency, the reconstructed intensity I(x,y) cart be expressed by
Signal processing part , and applying the digital image processing technique to these data, the amplitude and phase distributions of the object are obtainable.
RESULTS
As shown in~G~2, at the frequency of 1.0 kHz, the whole part of the TM vibrated almost in phase. The maximum amplitude was about 30 nanometer. At the frequency of 2.5 kHz, the TM had two local maxima in the posterior and inferior portions. The phase difference between the two portions was about 180 degrees. At the frequency of 3.0 kHz, the four peaks around the manubrium were seen. The TM in one area had an oppositephase amplitude to that in the next area. The number of the peaks increased with an increase in frequency and the vibration mode became more complicated.
CONCLUSIONS
The results of this study indicate that the vibration amplitude is detectable in nanometer order by this system even when the stimulus level is small, e.g. 60 dB SPL. Consequently, the system developed by our group has a potential for clinical applications.
